The scheme of flour milling in mill can be expressed in diagram as a milling flow. There can be described a weight part or percentage of flour from every stage of breaking, scratch and reduction. The similar flow diagram can be drawn expressing the ash content in every of flour streams of a whole milling flow. A milling flow of barley is considerably different from that of wheat and to some part also from rye mill flow. Currently, high-yielding naked barley cultivars are preferred in the Western world, and they can be used in products where outstanding starch or nonstarch polysaccharide properties are required. The aim of this work was to assess the milling results with regard to the yield of single streams in connection with their chemical composition, especially β-glucans (fiber) content. Barley sample was naked barley of Czech origin of crop 2010. The balance tables showing the yield of β-glucans and ash in single streams were compiled. Resulting data were judged in comparison to the milling flow with the purpose to recommend the parameters and best streams of milling flow as a source of special nutritionally lucrative products.
Introduction
Barley (Hordeum vulgare) is one of the oldest agricultural crops worldwide and is one of the economically most important plants. Until recently, the majority of barley grown in Czech Republic consumed as feed, in malting and brewing, and as barley pearls and flakes. Recently we have observed a ________ renewed interest in barley bread, bakery and pasta production.
The major components of barley grain are starch (source of energy), non-starch polysaccharides call dietary fiber (effect on the activity of human body) and protein (nutritional value and technological quality). Barley is a source of the range of bioactive ingredients (dietary fiber, phytate, phenolic compounds) and the consumption of barley products is associated with positive health effects and benefits. The considerable amount of nutritionally important fiber has focused a lot of attention on the matter of designing new foods containing barley, mainly barley flour, barley milling fractions, and pearl. The dominating soluble fibers components in barley are the -glucans and the arabinoxylanes, located mainly in the cell walls of the endosperm and the aleurone layer.
Barley genotypes have been classified as hull-less or naked and hulled. Naked cultivars have better nutritional value than hulled ones as they contain more proteins, lipids and soluble dietary fiber. Naked barley flour was incorporated into white and wholegrain wheat bread and the bread showed acceptable and desirable nutritional and sensory properties [1] . Milling fractions of naked barley, and dough and bread with naked barley flour were analyzed with regard to properties of -glucans (viscosity and molecular weight distribution), dough formation and bread making [2] . The distribution of nutrients and functional constituents in the barley kernel is not uniform. Barley fractions rich in -glucans have been obtained by various combinations of pearling, grinding, sieving and air classification. Physicochemical properties of naked barley fiber-rich fractions varying in particle size were investigated [3] . Izydorczyk et al. (2003) [4] reported a simplified roller milling procedure that gives a high yield of a fiber-rich fraction from naked barley.
Barley flour is generally produced by roller milling. A milling flow of barley is considerably different from that of wheat and to some part also from rye mill flow. The milling of barley is more simply. The rye mill with modified setting of passing is often used for barley milling fractions and flours. Barley bran is brittle and shatters regardless of kernel conditioning, which makes milling of barley into sifted flour difficult and yields are low compared with wheat milling [5] . The milling performance of North European naked barleys was studied. Four samples of barley were milled in a laboratory mill and individual and combined milling fractions were characterized [6] . The chemical composition (ash, protein, starch, -glucan and arabinoxylan) of the milling fractions varied depending on barley type. Fractions with higher contents of -glucan can be obtained by air classification [7] . Bran has been produced from hull-less barley at a yield of about 30% and with a -glucan content of 6.5% [5] .
Barley flour showed variations in water absorption capacity and baking performance with different polysaccharide content and composition [8] .
The aim of this work was to assess the milling results with regard to the yield of single milling streams in connection with their chemical composition, especially β-glucans content. Barley sample was a naked (hull-less) barley of Czech origin of crop 2010. Resulting data were judged in comparison to the milling flow with the purpose to recommend the parameters and best streams of milling flow as a source of special nutritionally lucrative products.
Experimental

Milling
A naked barley variety (2-rowed, spring, 2010 crop, grown in the Czech Republic) was processed on twenty four milling fractions (passages) in the industrial mill in Křesín (Czech Republic). The milling of whole barley grain took place according to the diagram of a milling flow (Fig. 1) . This milling procedure involved fourteen flour passages (the letter F in the text) and nine break passages (the letter B in the text) and bran. There was described a weight part or percentage of flour and break from every stage of breaking, scratch and reduction ( Table 1 ). The similar flow diagram was drawn expressing the ash content in every of flour and break streams of a whole milling flow (Table 1) .
Characterization of milling fractions
Fourteen flour fractions, nine break fractions and a sample of bran were analyzed. Moisture content was determined by drying the samples at 105 °C to constant weight (ICC 110/1, 1996) [9] . Ash content was determined by burning at 925 °C to constant weight (ICC 104/1, 1996). Nitrogen content was measured by using the Kjeldahl method and multiplied by a factor 5.7 to determine the protein content (ICC 105/2, 1996) . The soluble, insoluble and total dietary fiber content was determined in analyzed samples according to the method AOAC 985.29 (AOAC, 1990) [10] All the determinations were carried out in duplicate and were expressed on dry weight basis. The relationships among the different analytical parameters of analyzed milling fractions were tested by a simple correlation (Pearson correlation). Significant differences were declared at P<0.05. 
Results and discussion
The yield and portion of single barley streams is showed in Table 1 . Passages F1, F10, F11, B1, B17 and B18 were high-yielding passages. The highest yield showed the break passage B11 (319.42 kg/h) and bran (127.53 kg/h). The lowest yield was 0.37 kg/h (B15) and 0.60 kg/h (F9).
The higher content of ash had flour fraction F17 (5.10%), break fractions B11 (4.29%) and B18 (4.22%) and barley bran (4.67%) (all values are related to dry matter) ( Table 1) . Ash balance was compiled with regard to portion of passage and its ash content.
Content of -glucans ranged from 3.7% to 6.5% in break fractions and from 2.1% to 6.4% in flour fractions. The highest level of -glucans was found in fraction F3 (6.4%) and F12 (5.8%) and in break fractions B12, B15, B17 and B18 (over 6%).
Starch was the major component of all observed fractions of flour (47.5 to 66.8%) and break (48.0 to 56.5%). The protein content ranged from 6.7% (F4) to 12.2% (F16) and from 9.1% (B1) to 14.3% (B9).
The comparison of -glucans and protein content in studied fractions is showed in Fig. 2 . Statistically significant strong positive correlations were observed between -glucan and protein (r=0.86, P<0.05).
Fig. 2. Comparison of the content of -glucans and proteins in barley fractions
Passages F9, F10, F11, F12, F14, F16, F17, F18, B7 and B12 were rich in dietary fiber. The content of total dietary fiber ranged from 5.1% (F1) to 22.7% (F16) and in selected break fractions from 15.0% (B12) to 25.5 % (B7) (Fig. 3) . The insoluble dietary fiber involved a predominant part of total fiber (except for a fraction F7). Solvent retention profile (SRC) of milling barley fractions is showed in Fig. 4 . The value of SRC of lactic acid (SRC 4) characterized the high content of glutelins (high molecular protein fraction) in flour fractions F12, F16 and F18 (value about 160%) and in break fractions B7 to B18 (values from 173% to 213 %). It corresponded to the increase of protein content determined by Kjeldahl. The highest content of glutelin was found in break fraction B9 (219 %). It is very interesting to find such a high content of glutelin in break fractions.
The retention capacity of sodium carbonate (SRC 3), which is related to the content of damaged starch, is more evident in flour fraction F9 (170%) and in break fraction B18 (273%). The results show that higher value of SRC 3 in compared with the values of SRC 3 of flour fraction was found in the break fractions (especially from B7 to B18).
The increased value of SRC of sucrose (SRC 2) indicated higher content of arabinoxylans in fractions F16 (213%) and F18 (188%). The highest amount of arabinoxylans was found in break fractions from B7 to B18 (values from 231 to 317%).
The highest of water absorption was caused by the present of water-soluble components ( -glucans and arabinoxylans). The highest weight of retained water was observed in fraction F16 (155%) and F18 fraction (160%), and in break fraction B9 (213%) and B18 (190%). [12] . Positive correlations were found between soluble dietary fiber and SRC of water (r=0.95, P<0.05), between proteins and total dietary fiber (r=0.88, P<0.05). Significant negative correlations were observed between protein and starch (r=-0.83, P<0.05) and between content of -glucan and starch (r=-0.69, P<0.05).
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Conclusions
The single milling barley fractions were characterized by different composition and physicochemical properties. It was possible to select lucrative flour and break milling fractions with desired composition from the set of fractions. Optimal fractions F4, F10, F11, F17, F18, B11 and B17 were chosen according to their yield, nutrition and technology.
